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Inspired by the newly observed X0(2900) and X1(2900) at LHCb, the K
∗D¯∗ and KD¯1 interactions are proposed
in the qBSE approach combined with the one-boson-exchange potential. The bound and virtual states from the
interaction are searched in the complex energy plane of scattering amplitude. A I(JP) = 1(0+) bound state and a
I(JP) = 1(1−) virtual state are produced from the K∗D¯∗ interaction and KD¯1 interaction, and can be related the
X0(2900) and X1(2900) observed at LHCb, respectively. A bound state with I(J
P) = 1(1+) and a virtual state
with I(JP) = 1(2+) are also predicted from the K∗D¯∗ interaction with a small α value, which can be searched in
further experiments.
PACS numbers:
I. INTRODUCTION
In the past decades, a growing number of new hadron states
have been observed experimentally, then the investigations
on the nature of these new hadron states have become one
of intriguing topic in hadron physics. Among these these
new hadron states, some are hardly assigned as conventional
mesons or baryons, thus they were considered as good candi-
dates of QCD exotic states, such as hadronic molecular states,
compact multiquark states and hybrid states (for recent re-
views, we refer to Refs. [11–21]).
Very recently, the LHCb collaboration observed two new
states, X0(2900) and X1(2900), in the D
−K+ invariant mass
distributions of B+ → D+D−K+, the resonance parameters of
these two states were reported to be [10],
mX0(2900) = (2866 ± 7) MeV,
ΓX0(2900) = (57.2 ± 12.9) MeV,
mX1(2900) = (2904 ± 5) MeV,
ΓX1(2900) = (110.3 ± 11.5) MeV, (1)
respectively. The JP quantum numbers of X0(2900) and
X1(2900) are 0
+ and 1−, respectively [10].
Since X0(2900) and X1(2900) are observed in the D
−K+
channel, the only possible quark components of these states
are udc¯s¯, which indicates that they are compose of quarks
with four different flavors. Such kind of states are particu-
larly interesting since they obviously can not be assigned as a
conventional hadrons. Actually, in 2016 another similar struc-
ture X(5568) was reported by D0 collaboration in the Bsπ
invariant mass distribution, which is also a fully open flavor
states. However, after the observation of D0 collaboration,
the LHCb, CMS, CDF, and ATLAS Collaborations negated
the existence of X(5568). Thus, the present observation of
X0(2900) and X1(2900) brings physicists’ attentions back to
the existence of fully open flavor states again.
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Considering four different flavor quark components of
X0(2900) and X1(2900), one can naturally consider these
states as tetraquark candidates. In Ref. [9], the mass spec-
trum of exotic tetraquark states with four different flavors
is investigated by using a color-magnetic interaction model,
where the masses of I(JP) = 1(0+) were 2607 and 3129
MeV, while the masses of I(JP) = 0(0+) were 2320 and 2850
MeV. After the observation of X0(2900) and X1(2900), the
authors in Refs. [4, 8] indicated that the X0(2900) can be a
isosinglet compact tetraquark state, while the estimations in
Ref. [6] indicated that X0(2900) should be a radial excited
tetraquark with JP = 0+. As for X1(2900), the investigations
in Refs. [1, 6] supported that X1(2900) can be assigned as a
P− wave compact diquark-antidiquark tetraquark state. How-
ever, the estimations in an extended relativized quark model
indicated that the predicted masses of 0+ uds¯c¯ are different
with the one of X0(2900), thus, the estimations disfavor the
assignment of the X0(2900) as a compact tetraquark.
It should be noticed that in the vicinity of 2900 MeV, there
are abundant thresholds of a charmed and a strange mesons,
such as D∗K∗, D1K, D0K. Considering the JP quantum num-
bers of X0(2900) and X1(2900), the former one can be resulted
from D∗K∗ interaction, while the later one can be resulted
from D1K interaction. In Ref. [5], the structure corresponding
to X0(2900) and X1(2900) can be interpreted as the triangle
singularity. While in Ref. [2], the estimation in one-boson ex-
changemodel indicated that the interaction of D¯∗K∗ are strong
enough to form a molecular state, thus, X0(2900) can be inter-
preted as a D∗K∗ molecular state and such a interpretation is
also supported by the estimations in Refs. [1, 7].
Along the way of molecular interpretations, we consider
the interactions of D¯∗K∗ and D¯1K in a one-boson exchange
model. The quasipotential Bethe-Salpeter equation (qBSE)
will be adopted to obtain the scattering amplitude of the inter-
actions, and the poles from the interactions will be searched
in complex energy plane. In the current work, both bound and
virtual states will be considered in the calculation to discuss
the relation between the X0(2900)/X1(2900) and the two in-
teractions.
This work is organized as follows. We present the formal-
ism used in the present estimation in the following section.
2The numerical results and related discussions are given in sec-
tion III and the last section is devoted to a short summary.
II. FORMALISM
In the current work, we will consider two interactions,
K∗D¯∗ and KD¯1 interactions. In the one-boson-exchange
model, the K∗ meson and D¯∗ meson interact by exchanging
π, η, ρ, and ω mesons. For the KD¯1 interactions, the π and
and η exchanges are forbidden, only vector exchanges are al-
lowed.
To describe the interaction, we need the effective La-
grangians at two vertices. For the charmed meson part, the
effective Lagrangians can be written with the help of heavy
quark and chiral symmetries as [22–26],
LP∗P∗P =
2g
fπ
ǫµναβ
(
P
∗µ
b
P∗ν†a + P˜
∗µ
a P˜
∗ν†
b
)
vα∂βPba,
LP∗P∗V =
√
2βgV
(
P∗b · P∗†a − P˜∗a · P˜∗†b
)
v · Vba
− i2
√
2λgV
(
P
∗µ
b
P∗ν†a − P˜∗µa P˜∗ν†b
)
(∂µVν − ∂νVµ)ba,
LP1P1V =
√
2β2gV
(
P1b · P†1a − P˜1a · P˜†1b
)
v · Vba
+
5
√
2iλ2gV
3
(
P
µ
1b
P
ν†
1a
− P˜µ
1a
P˜
ν†
1b
)
(∂µVν − ∂νVµ)ba,(2)
where the v should be replaced by i
←→
∂ /
√
mim f with the mi, f
being the mass of the initial or final heavy mesons. The P and
V are the pseudoscalar and vector matrices as
P =

√
3π0+η√
6
π+ K+
π− −
√
3π0+η√
6
K0
K− K¯0 − 2η√
6

,V =

ρ0+ω√
2
ρ+ K∗+
ρ− −ρ
0+ω√
2
K∗0
K∗− K¯∗0 φ
 ,
(3)
which correspond to (D¯0, D−, D−s ). The coupling constants
have been determined in the literature with the heavy quark
symmetry and available experimental data, i. e., g = 0.59,
β = 0.9, λ = 0.56, β2 = 1.1, λ2 = −0.6, with gV = 5.9 and
fπ = 0.132 GeV [27–32].
To describe the couplings of the K(∗) meson with exchanged
pseudoscalar and/or vector mesons, the effective Lagrangians
are adopted as
LKKV = −igKKV KVµ∂µK + H.c.,
LK∗K∗V = i gK
∗K∗V
2
(K∗µ†VµνK∗ν + K∗µν†VµK∗ν + K∗µ†VνK∗νµ),
LK∗K∗P = gK∗K∗Pǫµνστ∂µK∗ν∂σPK∗τ + H.c., (4)
where K∗µν = ∂µK∗ν − ∂νK∗µ. The flavor structures are
K∗†A · τK∗ for an isovector A (= π or ρ) meson, and K∗†K∗B
for an isoscalar B (= η, ω) meson. With the help of the
SU(3) symmetry, the coupling constants can be obtained from
the ρρρ and ρωπ couplings. The gρρρ was suggested equiv-
alent to gππρ = 6.2, and gωπρ = 11.2 GeV
−1 [33–35]. The
SU(3) symmetry suggests gK∗K∗ρ = gK∗K∗ω = gρρρ/(2α),
and gK∗K∗π = gK∗K∗η/[−
√
1/3(1 − 4α)] = gωρπ/(2α) with
α = 1 [36–39] .
In fact, the above vertices has been applied to study many
XYZ particles and hidden-strange molecular states [32, 37–
42]. Hence, in the current work, we only need to reconstruct
the vertices to the potential considered here as
VP = IPΓ1Γ2PP f 2P (q2), VV = IVΓ1µΓ2νPµνV f 2V(q2), (5)
where the propagators are defined as usual as
PP =
i
q2 − m2
P
, P
µν
V
= i
−gµν + qµqν/m2
V
q2 − m2
V
, (6)
where we adopt a form factor fe(q
2) to compensate the off-
shell effect of exchanged meson as fe(q
2) = e−(m
2
e−q2)2/Λ2e
with me being the mP,V and q being the momentum of the
exchanged mesons. The cutoff is rewritten as a form of
Λe = m+αe 0.22 GeV. The flavor factors Ie for certain meson
exchange and total isospin are presented in Table I.
TABLE I: The flavor factors Ie for certain meson exchange and total
isospin. The π and η exchanges are forbidden for KD¯1 interaction.
Iπ Iη Iρ Iω
I = 0
√
2/2 1/
√
6
√
2/2 1/
√
2
I = 1 −3
√
2/2 1/
√
6 −3
√
2/2 1
√
2
With the potential, the scattering amplitude can be obtained
with the qBSE [43–45]. The qBSE with fixed spin-parity JP
is written as [38, 46, 47],
iMJPλ′λ(p′, p) = iVJ
P
λ′ ,λ(p
′, p) +
∑
λ′′
∫
p′′2dp′′
(2π)3
· iVJPλ′λ′′ (p′, p′′)G0(p′′)iMJ
P
λ′′λ(p
′′, p), (7)
where the sum extends only over nonnegative helicity λ′′.
The G0(p
′′) is reduced from 4-dimensional propagator by the
spectator approximation, and in the center-of-mass frame with
P = (W,0) it reads,
G0(p
′′) =
1
2Eh(p′′)[(W − Eh(p′′))2 − E2l (p′′)]
. (8)
Here, as required by the spectator approximation, the heav-
ier meson (h = D¯∗, D¯1) is on shell, which satisfies p′′0h =
Eh(p
′′) =
√
m 2
h
+ p′′2. The p′′0
l
for the lighter meson (l =
K∗, K) is then W−Eh(p′′). A definition p = |p|will be adopted
here. The partial-wave potential is defined with the potential
of the interaction obtained in the above as
VJPλ′λ(p′, p) = 2π
∫
d cos θ [dJλλ′(θ)Vλ′λ(p′,p)
+ ηdJ−λλ′(θ)Vλ′−λ(p′,p)], (9)
where η = PP1P2(−1)J−J1−J2 with P and J being parity and
spin for system, K∗/K meson or D¯∗/D¯1. The initial and fi-
nal relative momenta are chosen as p = (0, 0, p) and p′ =
(p′ sin θ, 0, p′ cos θ). The dJ
λλ′(θ) is the Wigner d-matrix. In
3the qBSE approach, a form factor will be introduced into the
propagator to reflect the off-shell effect as an exponential reg-
ularization, G0(p) → G0(p)[e−(k21−m21)2/Λ4r ]2, where the k1 and
m1 are the momentum and the mass of the nucleon. The cut-
off Λr is also parameterized as in the Λe case. The αe and
αr play analogous roles in the calculation of the binding en-
ergy. Hence, we take these two parameters as a parameter α
for simplification [32].
III. NUMERICAL RESULTS AND DISCUSSION
With the amplitude obtained above, the pole can be
searched in the complex energy plane. The bound state cor-
responds to a pole at the real axis under threshold in the first
Riemann surface. If the attraction becomes weaker, the pole
will move to the real axis under threshold in the second Rie-
mann surface, which corresponds to a virtual state [48]. In the
current work, we will consider both bound and virtual states
from the K∗D¯∗ and KD¯1 interactions.
A. States from K∗D¯∗ interaction
In the current work, we will consider six states from the
K∗D¯∗ interaction with I = (0, 1), J = (0, 1, 2), and P = +
which can be obtained in S wave. In our model, the only
free parameter is the α in cutoff. Usually, small value of α
should be chosen. For a cutoff Λ smaller than 3 GeV, the α
should be smaller than 10. In the following, we present the
results with α value in a larger range from 1 to 20 for dis-
cussion. We would like to remind in advance that the results
with very large α are unreliable. The results for the states
from the K∗D¯∗ interaction are presented and compared with
experimentally observed X0(2900) in Fig. 1 (here we call the
deviation between the pole of a virtual state and threshold as
binding energy also).
Among the six states considered in the current work, four
bound states can be produced from the K∗D¯∗ interaction in
the large range of α considered here. The bound states with
I(JP) = 1(0+) and 1(1+) appear at small α, about 4, and
two states with 2+ are found at α larger than 10. Usually,
larger cutoff corresponds to stronger interaction, which leads
to larger binding energy for a bound state. One can find that
the binding energies of four bound states increase with the in-
crease of the value of α.
Here, we also consider the possible virtual state from the in-
teraction. Different from bound state, virtual state leaves the
threshold further with the decrease of the α and weak attrac-
tion. The bound state with I(JP) = 1(2+) appears at α about
10, and the energy increase rapidly with the increase of the
α. However, if we reduce the α, a pole can be found at second
Riemann surface, and leaves the threshold with the increase of
the α. The pole will move to a position about 40 MeV below
the threshold at an α about 2, and disappears there. No virtual
state can be found for 1(0+) and 0(2+) if we reduce the α. For
1(1+) state, virtual state can also be found, but disappears very
rapidly with decrease of the α.
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FIG. 1: The binding energy EB of the bound or virtual states from the
K∗D¯∗ interaction with the variation of α. Here the EB = Mth−W with
the Mth and W being the threshold and mass of the state. The circle,
square, diamond, and triangle are for the states with I(JP) = 1(0+),
1(1+), 0(2+), and 1(2+), respectively. The lines with cyan bar are for
experimental mass and uncertainties of X0(2900) state, respectively.
Among the four bound states produced from the K∗D¯∗ in-
teraction, two bound states with 1(0+) and 1(1+) require small
value of α. For the 1(2+) state, only virtual state can be pro-
duced with small α value. Because the X(0,1)(2900) were ob-
served in the K+D− channel, allowed quantum numbers of are
0+ and 1−. Hence, the current results support the assignment
of the X0(2900) observed at LHCb as a 1(0
−) state from the
K∗D¯∗ interaction. Under such assignment, a bound state with
1(1+) and a virtual state with 1(2+) are also predicted in our
model.
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FIG. 2: The binding energy EB of the bound or virtual state from the
KD¯1 interaction with the variation of α. The circle is for the states
with I(JP) = 1(1−). The lines with lightgreen bar are for experi-
mental mass and uncertainties of X1(2900) state, respectively. Other
conventions are the same as in Fig. 1.
4B. States from KD¯1 interaction
The X1(2900) state can not be reproduced from the K
∗D¯∗
interaction in S wave. Here we consider another system with a
threshold close to the mass of X1(2900), the KD¯1 interaction.
We will consider two states from the KD¯1 interaction with
I = (0, 1), JP = 1− which can be obtained in S wave. The
results are presented in Fig. 2.
Among these two state, only the isovector interaction is at-
tractive. However, the bound state with 1(1−) appears at a very
larger α, about 16, which corresponds to a large cutoffΛ about
4 GeV. It is unreliable to assign the X1(2900) as a bound state.
As the 1(2+) state of the K∗D∗ interaction, if we decrease the
α value, a virtual state for 1(1−) state of the KD¯1 interaction
can be found in a large range of the α form about 4 to 16. Such
state can be related to the experimentally observed X0(2900).
IV. SUMMARY
In the current work, inspired by the newly observed
X0,1(2900) at LHCb, the K
∗D¯∗ and KD¯1 interactions, which
have thresholds about 2900 MeV, are studied in the qBSE ap-
proach. The bound and virtual states from the interaction are
searched in the complex energy plane of the scattering ampli-
tude, which is obtained from the one-boson-exchange poten-
tial. A 1(0+) bound state and a 1(1−) virtual state are produced
from the K∗D¯∗ interaction and KD¯1 interaction with reason-
able parameter, respectively. These two state can decay into
the K+D− channel in S and P waves, so can be related the
X0,1(2900) observed at LHCb, respectively. Besides these two
states, a bound state with 1(1+) and a virtual state with 1(2+)
are produced from the K∗D¯∗ interaction with a small α value.
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